Mn2+ depressed the rate and extent of multiplication of several virulent strains of group A beta-haemolytic streptococci (Streptococcus pyogenes), and caused a 6-12 hr increase in the lag phases of related avirulent strains.
INTRODUCTION
In previous experiments with pneumococci (Streptococcus pneumoniae, Firshein, 1960 Firshein, , 1962 , Mn2+ was shown to stimulate the multiplication of virulent strains and to produce either inhibitory or no effects in the case of avirulent strains. In this respect, Mn2+ acted in a manner similar to that of certain deoxyribonucleic acid (DNA) degradation products, which also enhanced multiplication of virulent strains of pneumococci. However, Mn2+ inhibited the multiplication of several avirulent strains of pneumococci, whereas DNA degradation products did not depress the multiplication of any avirulent strains tested. It was ascertained (Firshein, 1962) that the stimulatory effects of Mn2+ on multiplication of virulent pneumococci were related to an enhancement of respiration, whereas the toxic effects of Mn2+ on multiplication of avirulent pneumococci involved, in part, a depressing effect on respiration. Recent results (Firshein & Zimmerman, 1964) have shown that DNA degradation products also stimulate multiplication of virulent strains of group A streptococci. However, in contrast to pneumococci, these virulent group A streptococci showed a depressed rate and extent of multiplication in the presence of Mn2+. The present report is concerned with an analysis of this Mn2+-effect on virulent streptococci as well as with a study of the effects of Mn2+ on multiplication of avirulent streptococci. The effects of Mn2+ on respiration, nucleic acid synthesis, and protein synthesis of both cell types will also be described. In part, the interest of the results with Mn2+ lies in their contrast to the results described in the accompanying paper (Firshein & Zimmerman, 1964) with DNA degradation products. The results of both papers are discussed together in the next paper (Firshein & Zimmerman, 1964 Eflect of manganese on streptococci 251 Figure 1 shows the effects of Mn2+ on the multiplication of virulent and avirulent strains of group A streptococci in broth cultures. In all cases, the same concentration of Mn2+ (4.0 ,UM) depressed the rate and extent of multiplication of virulent strains and caused a 6-12 hr increase in the lag phases of avirulent strains. compares the generation times and total yields of avirulent and virulent organisms in the presence and absence of Mn2+. After incubation for 18 hr, viable counts in the presence of Mn2+ were much smaller for avirulent cultures than for virulent cultures. Similarly, the rates of multiplication of avirulent strains were lower than those of virulent strains, as evidenced by changes in the generation times. The actual duration of the lag and log phases remained essentially unaltered in Mn2+-supplemented and unsupplemented cultures of virulent strains, However, with avirulent strains, the length of these two phases was drastically altered in the presence of Mn2+. Thus, by the time avirulent cocci from unsupplemented cultures had been in the stationary phase for 6-12 hr, avirulent cocci from cultures containing Mn2+
RESULTS

Eflects of Mn2+ on multiplication
were just beginning to enter the log phase. By using a related pair of virulent and avirulent strains (Q-Mx, Q-496), it was determined that maximum inhibition of multiplication for both strains occurred a t a concentration of 4.0 PM Mn2+, although, as suspected, the inhibition was much greater in avirulent cultures (Fig. 2) . Table 2 shows that the inhibitory effects of Mn2+ on multiplication of virulent and avirulent streptococci were not restricted to one medium, but occurred in other media that supported the multiplication of streptococci.
Effect of manganese on streptococci 253
Effects of other cations on multiplication It was found (Firshein, 1962) that the stimulatory effects of Mn2+ on multiplication of pneumococci were annulled by the addition of Ca2+. Similarly, in studies with streptococci strains Q-43X and Q-496 (Table a) Table 1 .
Concentration of glucose was the same as that in washed suspensions (50 p~) .
Endogenous rates are not shown on the graph because they were negligible for all strains tested. Inocula for all strains were adjusted to the same number, 8-5 x 108 viable cocci/ml. Medium was brain heart infusion neopeptone blood broth (Firshein & Zimmerman, 1964) . Inocula: ( x lo5), strain ~-4 3 x , 24; Q-496, 15. Several other divalent cations did not exert inhibitory effects on multiplication of group A streptococci (Table 4) . One cation, Mg2+, enhanced the multiplication of virulent and avirulent strains slightly.
Viable
Efects of Mn2+ on respiration, nucleic acid synthesis, and protein synthesis The ability of Mn2+ to affect respiration of pneumococci (Firshein, 1962) suggested a study of the effects of Mn2+ on respiration of group A streptococci. Using oxidation of glucose as a parameter of respiration, it was found (Fig. 3) with two related pairs of virulent and avirulent strains that Mn2+ depressed oxygen uptake in both virulent and avirulent-cell suspensions containing glucose. However, the inhibitory effects were more pronounced in virulent than in avirulent-cell suspensions, particularly for one pair (Q-43X and Q-496). These results were surprising in view of the fact that multiplication was depressed to a greater extent in avirulent strains than virulent strains. To test whether other metabolic systems in avirulent strains may have been affected by Mn2+, measurements of nucleic acid and protein synthesis were made in washed-cell suspensions in the presence and absence of the cation. I n addition, effects of Mn2+ on nucleic acid and protein syntheses of virulent strains were determined. The results of these experiments, replicated several times (Table  5 ) , demonstrated that : (1) nucleic acid synthesis and protein synthesis were depressed equally from control levels in suspensions of virulent strains; (2) only nucleic acid synthesis was depressed in suspensions of avirulent strains, protein synthesis was largely unaffected; and (3) nucleic acid synthesis was depressed to a much greater extent from control levels in suspensions of avirulent than virulent strains. 
